We investigated the effect of incision and sternotomy on the auditory evoked potential (AEP) and EEG, to try to predict a haemodynamic response to incision or sternotomy using the AEP and EEG in 41 patients undergoing cardiac surgery during propofol and alfentanil anaesthesia. The AEP and EEG were recorded before incision, between incision and sternotomy, and after sternotomy. Peak latencies and amplitudes of AEP peaks V, Na, Pa, Nb, Pb and Nc were determined. From the EEG the median, spectral edge and peak power frequencies, and percentages of delta, theta, alpha and beta power were calculated. Each patient was classified as responsive, equivocally responsive or unresponsive to incision or sternotomy based on increase in arterial pressure and heart rate on incision and sternotomy. Before incision, Nb and Pb latency and propofol concentration were higher for unresponsive patients but heart rate and median frequency before incision were lower. After sternotomy, Pa and Nb amplitude, peak power frequency and percentage alpha power were higher, and percentage theta power lower for responsive patients. Pa latency was higher after sternotomy for unresponsive patients. Using a combination of heart rate, arterial pressures and features derived from the AEP (all recorded before incision), the occurrence of a response to incision could be predicted in individual patients with a sensitivity of 85 %, positive predictive accuracy of 63 % and total accuracy of 72 %. We conclude that AEP are more sensitive to pain stimuli than spectral features of the spontaneous EEG. In addition, the AEP may help in predicting inadequate anaesthesia. (Br.
The purpose of general anaesthesia is to provide a state of analgesia, unconsciousness, relaxation and homeostasis in the surgical patient. Because different patients may react differently to similar concentrations of anaesthetic agent, an objective measure of analgesia and unconsciousness is desired. Results from previously published studies suggest that features derived from the spontaneous electroencephalogram (EEG) [1, 2] or from auditory evoked potentials (AEP) [3] [4] [5] [6] [7] [8] may be useful for monitoring the effects of anaesthesia.
Clinically, adequacy of anaesthesia may be evaluated by observing movement or an increase in arterial pressure or heart rate in response to a noxious stimulus. Attempts to use the EEG to predict such a response showed that features derived from the EEG may predict the presence or absence of movement in response to a noxious stimulus with an accuracy of 77-92 % [1, 2, 9] . A study by Thornton and colleagues showed that the effects of anaesthesia on the AEP are reversed by pain stimuli [3] , but the effect of surgery on the AEP was not different for patients showing a haemodynamic response compared with those in which no such response was present [10] . Also, no attempt at predicting the occurrence of a response to surgery was made, probably because of the small number of patients in that study.
In this study we have used absence of a haemodynamic response to incision and sternotomy as an indication for adequate anaesthesia. The hypotheses underlying our study are: features in the AEP and EEG are sensitive to pain stimuli, in this case incision and sternotomy; patients who respond to incision, sternotomy, or both, with a haemodynamic response show different AEP and EEG features than patients who do not respond, whereas such a difference does not exist in haemodynamic variables measured before incision or sternotomy; the presence or absence of a haemodynamic response is related to plasma concentrations of the administered anaesthetics; and the occurrence of a haemodynamic response to incision can be predicted using features or a combination of features derived from the AEP and EEG, together with measurements of heart rate and arterial pressure obtained before incision.
Patients and methods
The study was performed at the Catharina Hospital Eindhoven, after obtaining approval from the local Medical Ethics Committee and informed patient consent. We studied 41 patients (34 male) aged 38-74 yr (mean 59 yr) undergoing cardiac surgery. Two patients were undergoing aortic valve replacement and 39 coronary artery bypass grafting. Patients were premedicated approximately 2 h before surgery with morphine 10 mg s.c. Anaesthesia was induced with a loading dose of propofol 2 for the remainder of the operation. Pancuronium 8 mg was used to facilitate tracheal intubation.
RECORDINGS
The raw EEG was recorded from CZ to A1 and from CZ to A2, each referenced to FpZ. Electrode impedance was maintained below 3 k⍀; typically electrode impedance was 1.5 k⍀ (measured at 20 Hz). The EEG was amplified and filtered at 5-1500 Hz (93 dB cut-off) using a Nicolet HGA-200A preamplifier and a Nicolet NIC-501A amplifier/filter. The EEG was sampled at 5 kHz with a resolution of 12 bit and stored on hard disk, using a LabMaster AD converter and an IBM-type 486 33 MHz personal computer. Auditory stimulation for the evoked potentials was performed with monaural 100-s rarefaction clicks at 75 dB SpL, and contralateral white masking noise at 45 dB SpL. Clicks and noise were produced using a Nicolet 1007 stimulus controller and delivered to the patient through Nicolet Tip-10 earphones. Clicks were delivered with random interstimulus intervals, according to a Poisson distribution, with an average stimulation rate of 80 clicks per second. An important implication of using this distribution for random presentation of stimuli is that the effects of interfering stimuli are equally distributed over the entire sweep, independent of sweep length [11] [12] [13] . This results in a smoothing of the effect of interfering stimuli. For analysis of the AEP, we chose a sweep length of 270 ms to ensure that component Nc could be detected if present. Auditory evoked potentials were recorded starting 10 min before the first incision until 10 min after sternotomy. After automatic detection and removal of sweeps containing artefacts [14] , AEP were averaged over the period starting 10 min before the first incision to the end at incision, from incision to sternotomy and from the start of sternotomy until 10 min after the end of sternotomy. From the resulting averages the latency and amplitude of brain stem peak V and of middle latency peaks Na, Pa, Nb, Pb and Nc were determined. For this purpose, we used a combination of automatic recognition of MLAEP peaks by an artificial neural network [Van Gils and Cluitmans, Locating characteristic peaks in auditory evoked potentials using artificial neural networks, submitted] and evaluation by a human observer. The neural network assessed the location of the peaks, and the visual evaluation consisted of checking if the observer agreed with the choice of the neural network in "difficult" cases. In most cases, this meant checking if an auditory response was present at all. This is because the neural network always provides an answer, even in waveforms where no clear brain stem response is present.
Brain stem peak V was used to check if a response was present: if peak V could not be determined, the entire AEP was not used in further processing. The AEP was also not used in further processing if, because of the occurrence of artefacts, the total number of sweeps in the resulting average was less than 3000 (corresponding to a net recording time of 38 s).
The raw EEG recorded for AEP averaging was also used for spectral analysis, using the CCSA software package developed in our group [15] . Before calculation of the spectra, the EEG was digitally lowpass filtered at 32 Hz, using a 69-point moving average filter. Detection and rejection of epochs containing artefacts was done using the same algorithm as used for detecting artefacts in the AEP. Spectra were calculated from 8-s epochs, using an overlap of 2 s between epochs, and applying a Blackman time window to prevent spectral leakage. Features derived from the calculated spectra were median, 95 % spectral edge and peak power frequency, and percentage delta (0-4 Hz), theta (4-8 Hz), alpha (8-14 Hz) and beta (above 14 Hz) power. The resulting spectral features for each recording were averaged over the same period as the AEP, to have one set of EEG features for each set of AEP features. If the occurrence of artefacts caused the total number of epochs included in this averaging to be lower than 6 (corresponding to a net recording time of 38 s), that set of EEG features was not used in further processing.
Because the raw EEG was high-pass filtered at 5 Hz to enhance the quality of the AEP recordings, the calculated spectral features are higher than the values reported in the literature necessary for surgical anaesthesia [16, 17] , especially for median and peak power frequency. Percentage delta power is lower in our study. Although the filter removes a large part of the delta activity, we considered it valid to include percentage delta power in the analysis, because the filter is not able to remove all delta activity. This allows for trends in delta power to be observed, but possibly affects the significance of any changes in delta power, because these changes are less clear.
OCCURRENCE OF A RESPONSE TO INCISION AND

STERNOTOMY
Values of systolic, diastolic and mean arterial pressures (SAP, DAP and MAP) and heart rate (HR) were obtained 1 min before and after incision, and 1 min before and after sternotomy. Changes in arterial pressure and heart rate (⌬SAP, ⌬DAP, ⌬MAP, ⌬HR) were classified into one of four categories: ⌬SAP, ⌬DAP, ⌬MAP were classified as ; ; ; if the increase was larger than 20 mm Hg, ; ; if the increase was larger than 10 mm Hg, ; for increases larger than 3 mm Hg and 9 if there was a change smaller than 3 mm Hg or a decrease; ⌬HR was classified as ; ; if the increase was larger than 10 beat min 91 , ; for an increase larger than 3 beat min 91 and 9 if there was a change smaller than 3 beat min 91 or a decrease in heart rate. Based on the classifications for ⌬SAP, ⌬DAP, ⌬MAP and ⌬HR, each patient was classified as responsive (; ;), equivocal (;) or unresponsive (9) to incision or sternotomy according to the following criteria: if either ⌬SAP, ⌬DAP or ⌬MAP was classified as ; ; ;, the patient was classified as responsive; if ⌬SAP, ⌬DAP and ⌬MAP were all classified as ; ;, the patient was also classified as responsive; if all but one of ⌬SAP, ⌬DAP and ⌬MAP were classified as ; ;, the remaining pressure was classified as ;, and ⌬HR was classified as ;, the patient was also classified as responsive; if no variable had a classification higher than ;, the patient was classified as unresponsive. All other patients were classified as showing an equivocal response. This classification into response groups was done twice for all patients: once for the response to incision, and once for the response to sternotomy. A threshold of 3 mm Hg and 3 beat min 91 was chosen to prevent noise in arterial pressure and heart rate measurements from influencing the resulting patient classification. However, choosing a threshold of 0 mm Hg and 0 beat min 91 did not change this classification.
For those patients who responded unequivocally to incision, the anaesthetic record was checked to see if and how the anaesthetist had treated this response to incision, because such a treatment may have affected the response to sternotomy.
PROPOFOL AND ALFENTANIL CONCENTRATIONS
Immediately after sternotomy, an arterial blood sample was obtained. These samples were analysed by the hospital pharmacy for concentrations of propofol, using high performance liquid chromatography with fluorometric detection. Plasma concentrations of alfentanil were quantified by a validated radioimmunoassay [18] at the Pharmacokinetics Laboratory of the Janssen Research Foundation, Beerse.
STATISTICAL ANALYSIS
For all comparisons between groups of patients for response to incision or sternotomy, a Kruskal-Wallis test with a significance level of 5 % was used. For those features for which the Kruskal-Wallis test indicated a statistically significant difference between groups, groups were compared pairwise. For these pairwise comparisons we used a Wilcoxon test with Bonferroni correction, with a significance level of 5 %. This implies that a difference between two groups was considered to be statistically significant if the P value resulting from the Wilcoxon test was smaller than 0.05/(number of comparisons) : 0.025. The number of comparison was two, because we always compared responsive with unresponsive and equivocally responsive patients, or we compared unresponsive with responsive and equivocally responsive patients. We used non-parametric tests, because of the low numbers of observations in the different groups. For comparisons of AEP and EEG features between the three recording periods, we also used a Kruskal-Wallis test, and a Wilcoxon test with Bonferroni correction for pairwise comparisons.
Group means tested for statistically significant differences were: AEP and EEG features for each of the three recording periods, averaged over all patients; propofol and alfentanil concentrations for each of the three patient groups for response to incision and response to sternotomy; AEP and EEG features for each of the three patient groups for response to incision and response to sternotomy, for each recording period; and SAP, DAP, MAP and HR before incision and before sternotomy, for each of the three patient groups for response to incision and response to sternotomy.
PREDICTING THE RESPONSE TO INCISION
A discriminant analysis was used to examine if it is possible to predict the occurrence of a response to incision. Based on observations of arterial pressures, HR, AEP and EEG features, a discriminant function was estimated that optimally separates groups of responsive, equivocally responsive and unresponsive patients. Estimation of the optimal discriminant function was performed several times, using different sets of the available features from all patients. First, we attempted to predict the response to incision using only the available observations for SAP, DAP, MAP and HR measured before incision, because this information is conventionally available to the anaesthetist. In subsequent analyses, more variables were included for estimation of the discriminant function. These added variables were median, spectral edge and peak power frequency, and percentage delta, theta, alpha and beta power derived from the EEG in the second cycle, latencies and amplitudes of peaks V, Na, Pa, Nb, Pb and Nc from the AEP in the third cycle, and finally the variables derived from both the AEP and the EEG in the fourth cycle. In each cycle, the discriminant analysis calculated the best linear combination of features from the total available data set by stepwise selection of variables, to optimally separate the three response groups. The resulting discriminant function was tested after each cycle to see if its predictions agreed with the actual occurrence of a response. Because in this study we have only a limited account of data available, we used the leave-one-out method for cross validation. This implies that, when we have n data points, the discriminant function is calculated from n 9 1 data points and subsequently tested on the one remaining datum point. This is repeated n times so that each datum point is used exactly once for testing.
The performance of the resulting discriminant function in each cycle was assessed in terms of total accuracy, sensitivity and positive predictive accuracy. Using the schematic representation of the predictions of the discriminant function in table 1, total accuracy is defined as the actual percentage of correct predictions: 
Results
The first incision occurred at a mean time of 32 (SD 4) min after induction and sternotomy occurred 36 (5) min after induction. We obtained auditory evoked potentials from 39 patients. In 38 of these we also obtained a blood sample immediately after sternotomy. We could not reliably record an AEP in each period in all patients. Before incision the total number of recordings from which both AEP features and EEG spectral features could be reliably obtained was 32. Between incision and sternotomy this number was 6, and after sternotomy we obtained recordings from 32 patients.
The mean values of AEP peak latencies and amplitudes and of EEG spectral features for each of the three measurement periods are presented in figure 1 . In this and other figures and tables, only contralateral results are presented. The ipsilateral results are comparable, but we preferred contralateral over ipsilateral because there were more observations available for the contralateral recordings. The amplitudes of peaks Nb and Pb were significantly increased (P : 0.0464 and 0.0170, respectively) during the period between incision and sternotomy. Pairwise comparisons between recording periods revealed that the group means of recordings before and after incision were significantly different. There was also a significant effect in median frequency (P : 0.0421), but pairwise comparisons revealed no significant differences between recording periods.
Three patients responded unequivocally to the first incision and four patients responded unequivocally to sternotomy. All three patients who responded to incision did not respond to sternotomy. One of these had been given ketensine 5 mg, approximately 1 min before sternotomy. The other two were treated with an increased dose of propofol but, according to the anaesthetic record, only several minutes after sternotomy. Of the four patients who responded to sternotomy, two had equivocally responded to the first incision, the other two had not responded. The number of responsive patients for the different conditions is summarized in table 2. Table 3 summarizes which variables showed significantly different group means between responsive, equivocally responsive and unresponsive patients. There were no statistically significant differences in AEP and EEG features obtained between incision and sternotomy between patient groups for response to incision, and between patient groups for response to sternotomy. In the next sections the effects on AEP latencies before incision, AEP amplitudes after sternotomy and EEG features in these periods are discussed in more detail.
There were no statistically significant differences in mean SAP, DAP or MAP recorded before incision between patient groups for response to incision. HR before incision was significantly different (P : 0.0451) between patient groups: 59.7 (SD 9.6) beat min 91 for patients unresponsive to incision, 66.0 (5.0) beat min 91 for patients equivocally responsive to incision and 77.0 (12.8) for responsive patients. However, pairwise comparisons revealed no statistically significant differences between groups. There were no statistically significant differences in haemodynamic variables recorded before sternotomy between patient groups for the response to sternotomy.
Mean propofol and alfentanil concentrations for the different response groups are shown in table 4. These were calculated using data only from those patients for whom AEP and EEG data were available. Although concentrations of alfentanil were lower for patients responsive to sternotomy, this effect was not significant. There were also no statistically significant differences in concentrations of alfentanil between patient groups for response to incision. There was a significant overall effect in concentrations of propofol for response to incision (P : 0.0258). Pairwise comparisons showed that patients unresponsive to incision had significantly greater propofol concentrations than patients who responded equivocally (P : 0.0095). No significant difference in concentrations of propofol between patients responsive and unresponsive to incision was found, but this could be because of the small number of patients (n : 3) in the responsive group. There was no statistically significant difference in propofol concentrations between patient groups for response to sternotomy. Examples of typical AEP recordings for patients responsive and unresponsive to incision are presented in figure 2 . Both AEP were recorded before the first incision, in a patient who was about to respond to incision and in a patient unresponsive to incision. In figure 3A , the AEP latencies recorded before the first incision are presented for patients responsive, equivocally responsive and unresponsive to the first incision. Latencies of peaks Nb and Pb were significantly longer for patients unresponsive to incision (P : 0.0100 and 0.0197, respectively). This effect was statistically significant for the comparison between patients unresponsive and equivocally responsive to incision. The effect was not statistically significant for comparison between patients responsive and unresponsive to incision, but this could be because of the small number of observations (n : 3) in the responsive group. In the EEG features recorded before incision presented in figure 3B , there was a statistically significant overall effect (P = 0.0336) for the response to incision in median frequency. However, pairwise comparisons revealed no statistically significant differences between any two group means. †significant difference between group means of patients responsive and equivocally responsive, and between group means of patients responsive and unresponsive to sternotomy (Wilcoxon, P : 0.025); ‡significant overall effect in group means (Kruskal-Wallis, P : 0.05); §significant difference between group means of patients responsive and equivocally responsive to sternotomy.
RESPONSE TO STERNOTOMY
In figure 4A , the AEP amplitudes recorded after sternotomy are presented for patients responsive, equivocally responsive and unresponsive to sternotomy. Amplitudes of peaks Pa and Nb were significantly larger for patients unequivocally responsive to sternotomy (P : 0.0035 and 0.0158, respectively), both in comparison with unresponsive and equivocally responsive patients for Pa amplitude. For Nb amplitude only the difference between group means of responsive and unresponsive patients was statistically significant. In figure 4B , EEG spectral features recorded after sternotomy are presented for patients responsive, equivocally responsive and unresponsive to sternotomy. The peak power frequency was significantly higher for patients responsive to sternotomy (P : 0.0072) compared with equivocally responsive patients. The percentage theta power was significantly lower for patients responsive to sternotomy (P : 0.0105) compared with equivocally responsive patients. Before incision, the percentage theta power was also lower in this group (P : 0.0237). There was a significant overall effect in percentage alpha power (P : 0.0456), but in pairwise comparisons there were no significant differences between group means.
PREDICTING THE RESPONSE TO INCISION
The variables used in the discriminant function and its performance in predicting the responses of individual patients as determined by leave-one-out cross validation are summarized in table 5. Predictions of the best discriminant function using a combination of haemodynamic variables and features from the AEP are summarized in table 6. Predictions of the best discriminant function using a combination of haemodynamic variables and features from both the AEP and EEG are also summarized in table 6. All results were obtained by leave-one-out cross validation. From these results it can be seen that adding features from the EEG to the classifier improved the detection of absence of a response, but also caused overestimation of an equivocal response in one patient. However, overestimation of a response is clinically less relevant than underestimation of a response. Both discriminant functions underestimated an unequivocal response in one of three patients responsive to incision. The presence of an equivocal response was underestimated by both discriminant functions in one of 10 patients equivocally responsive to incision.
Discussion
EFFECT OF PAIN ON THE AEP AND EEG
Our first aim was to determine if AEP and EEG features are sensitive to pain stimuli. It was found earlier by Thornton and colleagues [3] that amplitudes of peaks Nb and Pb increased significantly after the start of surgery. This is consistent with our observation that Nb and Pb amplitudes increased significantly after incision, which indicates that AEP amplitudes appear to be sensitive to pain stimuli. Nb and Pb amplitudes did not increase further and even decreased after sternotomy (when averaged over all patients), but this could be because of the increasing drug concentrations. The last setting in our stepped infusion scheme for propofol and alfentanil was reached on average at incision, but in some patients this last setting was reached only after sternotomy. This explanation for a decrease in Nb and Pb amplitudes after sternotomy is supported by the observed increase in AEP latencies, as indicated in figure 1 . A second observation that supports the hypothesis that AEP amplitudes are sensitive to pain stimuli is the increase in AEP amplitudes after sternotomy for the group of patients responsive to sternotomy. One would also expect an increase in AEP amplitudes after incision for patients responsive to incision, but we did not find such an increase. A possible explanation for this is the low number of observations available during the period between incision and sternotomy for responsive patients.
In the EEG features we found a significant effect only in median frequency between the three recording periods, averaged over all patients. This effect was not found in pairwise comparisons between recording periods. Although median and peak power frequency, and percentages of alpha and beta power tended to increase after incision, and percentages of delta and theta power tended to decrease after incision, these changes were not statistically significant. After sternotomy we observed a decrease in characteristic frequencies and percentages of alpha and beta power, and an increase in percentages of delta and theta power, when averaged over all patients. Similar to the effect in AEP latencies and amplitudes after sternotomy, this could have been because of increasing drug concentrations.
When the EEG features were studied for the different response groups, we found an effect on peak power frequency and percentages of theta and alpha power after sternotomy. However, we cannot be sure that this effect was caused entirely by the painful stimulus of sternotomy, because the difference between response groups in percentage theta power was already present before incision.
PREDICTION OF A RESPONSE TO INCISION
Our second aim was to examine if there were differences in AEP and EEG features between responsive and unresponsive patients, before the occurrence of a response. For AEP features this has not been studied previously. For EEG spectral features, it has been shown that these may predict movement in response to incision, and that EEG spectral features are better predictors for movement in response to incision than haemodynamic variables [2, 9] . In this study, we found Nb and Pb latency to be significantly longer for patients who did not show a haemodynamic response to incision. Moreover, there was no difference in arterial pressures between response groups. The only indication for a possible response was an increased heart rate for patients about to respond to incision, but although there was a significant difference in heart rate between patient groups, mean heart rate for responsive patients was not very high (77.0 (SD 12.8) beat min 91 ). We found an increased median, spectral edge and peak power frequency in patients about to respond to incision, but only median frequency showed a statistically significant overall effect, and the pairwise comparisons between patient groups were not statistically significant. Thus, if we define adequate anaesthesia as absence of a haemodynamic response to incision, AEP seem more suitable to predict inadequate anaesthesia than EEG features and haemodynamic variables measured before incision.
Although we had expected to find a difference in propofol and alfentanil concentrations between responsive and unresponsive patients, we found a statistically significant difference only in propofol concentrations between patient groups for response to incision. The absence of a significant difference in propofol concentrations between unresponsive and responsive patients in the presence of a significant difference between unresponsive and equivocally responsive patients could be because of the small number of observations in the responding group. This may also explain the absence of a significant effect in alfentanil concentrations, because there was a tendency for alfentanil concentrations to be lower for patients responsive to sternotomy.
Finally, we attempted to predict the response to incision for each patient, using haemodynamic variables recorded before incision, and features from the AEP and EEG recorded before incision. We found that the best prediction of a response to incision was obtained by combining haemodynamic variables with features from the AEP. Including features from the EEG decreased slightly the positive predictive accuracy, that is the probability that a predicted response or equivocal response is not an overestimation of the actual response. The discriminant function thus obtained had a total accuracy of 72%. Although this does not seem very high, it should be noted that using only haemodynamic variables in the discriminant function resulted in a total accuracy of only 59%. Total accuracy on chance level would be 33%, because we used three possible response classes.
CHOICE OF A CLINICAL END-POINT
When monitoring the presence or absence of pain during general anaesthesia, possible clinical endpoints are movement or haemodynamic responses to noxious stimulation. The latter option, which we chose to use in this study, has the advantage of providing a graded assessment of the presence or absence of pain. Another consideration is that absence of movement is probably associated with lighter levels of anaesthesia than absence of a haemodynamic response. Because during cardiac surgery relatively deep levels of anaesthesia are needed at sternotomy and sternal spread, we considered absence of movement in response to incision less appropriate than absence of a haemodynamic response to indicate adequate anaesthesia. In addition, movement in response to a noxious stimulus is not a reliable indicator of pain when neuromuscular blockers are administered.
ROUTINE MONITORING OF THE AEP AND EEG
The feasibility of routine AEP and EEG monitoring in the operating theatre is questionable at present, as indicated by our inability to reliably obtain an AEP waveform in all patients during all recording periods. This was partly because of short time between incision and sternotomy in several patients and partly because of the use of electrosurgery during the entire period after incision. Although the algorithm developed in our group for detecting and rejecting this type of artefact appeared to be adequate [14] , the remaining amount of signal that was undisturbed by artefacts was not always sufficient to produce a reliable AEP waveform. Using EEG amplifiers with higher input impedances may help in alleviating this problem. Another consideration is the amount of time needed to obtain a reliable AEP waveform. When the AEP, EEG, or both, are used for dynamic monitoring of pain responses, they should be easy to obtain, rapidly. Although the EEG can be obtained more rapidly than the AEP, the EEG itself does not seem to be useful for monitoring pain responses, according to our results. The acquisition times used for obtaining an AEP waveform in this study were relatively long (up to 10 min). Because all AEP waveforms were analysed off-line, this recording time was chosen to compensate in advance for the occurrence of artefacts. The method for random presentation of stimuli used in this study may produce an acceptable AEP waveform within 40-60 s in the absence of artefacts [19] . However, if the AEP is to be used routinely, in an environment where the occurrence of artefacts is to be expected, one would need an on-line assessment of the reliability of the obtained AEP waveform.
We conclude that the AEP is more sensitive to pain stimuli than the EEG. Features from the AEP may provide additional information on the adequacy of anaesthesia, although 100% accurate prediction of the presence or absence of a haemodynamic response to incision was not possible using a combination of AEP and haemodynamic variables.
